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(54) Inductive loop sensors 

(57) A vehicle presence detection sys- 
tem in which an inductive sensor loop is 
the frequency-determining element of 
the tuned circuit of a loop oscillator, 
wherein discrimination against varia- 
tions in inductance due to environmen- 
tal changes is achieved by comparing 
detect and tracking reference numbers 
with a sample number that is a function 
of the oscillator frequency and updating 
each reference number repeatedly at 
real time intervals independent of loop 
oscillator frequency. The current sam- 
ple number is compared with either the 
tracking reference or the detect refer- 
ence according to whether or not the 
system is indicating the presence of a 
vehicle. In the case of the tracking 
reference, if the difference between it 
and the sample is no greater than a 
threshold value, each reference is up- 
dated by repeatedly incrementing or 
decrementing it by a predetermined 
amount for a number of times deter- 
mined by-the time that has elapsed 
since the last comparison cycle, but if 
the difference is greater than the 
threshold, indicating a vehicle move- 
ment, the tracking reference is immedi- 
ately made substantially equal to the 
sample in one step. Both the threshold 
values and the predetermined amounts 
of increment or decrement may be 
different for different directions of 
change. 



The drawings originally filed were informal and the print here reproduced is taken from a later filed formal copy. 
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SPECIFICATION 

Improved environmental tracking in inductive loop 
vehicle detection systems 

5 

This invention relates to inductive loop vehicle 
detectors, such as are employed in automatic vehi- 
cle-responsive road traffic light signal installations. 
It is common practice in vehicle detection to use 

1 0 an inductive sensor loop as the frequency- 
determining element of a tuned circuit in a Colpitts 
oscillator. An inductance change in the loop due to 
the arrival of a vehicle can be sensed by making 
periodic measurements of the oscillator frequency. 

1 5 However, in addition to mere detection of the 

presence of a vehicle, it is necessary to discriminate 
against variations in inductance that are due to 
environmental changes, and also to cope with the 
problem of a vehicle remaining stationary for a long 

20 period in the vicinity of the inductive loop. 

It is therefore usual to compare a sample number 
that is a function of the oscillator frequency with a 
reference number that is updated in accordance with 
environmental changes. Since the updating of the 

25 reference has hitherto been performed at intervals 
that are a function of a particular number of loop 
cycles, the update characteristic is dependent on 
loop frequency, and this has disadvantages. A 
particular disadvantage is that such a system cannot 

30 be relied upon to react safely in the case of an 
abnormally large change in loop inductance, for 
example in the case of a damaged loop. 

According to the present invention, there is pro- 
vided a method of discriminating against variations 

35 in inductance due to environmental changes, com- 
prising the steps of repeatedly comparing a variable 
sample number that is a function of the oscillator 
frequency with a reference number, and repeatedly 
updating the reference number in accordance with 

40 detected environmental changes at predetermined 
real time intervals independent of loop oscillator 
frequency. The system is accordingly not prone to 
behave unpredictably in the event of a massive 
change in loop inductance such as might be occa- 

45 sioned by the loop becoming damaged. 

Ways of carrying the invention into practice will 
now be described by way of example with reference 
to the accompanying drawings, in which :- 
Figure 7 is a flow chart illustrating environmental 

50 updating based on finite presence detection, and 
Figure 2 is a flow chart illustrating environmental 
updating based on permanent presence detection. 

Considering the case of a vehicle, e.g. an illegally 
parked vehicle, that remains stationary for a long 

55 period in the vicinity of a loop, there are two ways of 
dealing with this. One way is to arrange that the 
system "forgets" that a stationary vehicle is present 
a certain pre-set time interval after the presence of 
the vehicle is initially detected. This is known as 

60 "finite presence" detection; and the effect is that 
after the pre-set time has elapsed, the system treats 
the presence of the vehicle as part of the general 
environment without any longer responding to it 
specifically as a vehicle. The other way of dealing 

65 with the long-term stationary vehicle is for the 



system to "remember" the presence of the vehicle 
indefinitely and respond to it always as a detected 
vehicle. This is known as "permanent presence" 
detection. 

70 Referring now to the flow chart of Figure 1 

illustrating environmental updating based on "finite 
presence" detection, the system is implemented by 
a micro-computer with a crystal-controlled real time 
clock, arranged to handle multi-channelled, and 

75 typically 4-channelled inputs, by time division multi- 
plexing. The main detection routine 1 1 is in accord- 
ance with our British Patent Specification No. 
8223409 and will therefore not be further described 
here. 

80 Firstly, a decision is made, at 12, as to whether the 
system is in the detect condition. If the answer is 
'No', i.e. the system is not indicating the presence of 
a vehicle, the operation branches to the left in the 
chart and a number representing the sample value 
85 derived from the current scan (the sample) is 

subtracted, at 13, from a stored number representing 
the environmental conditions (the detect reference). 
The detect reference number could include the effect 
of one or more long-stay stationary vehicles which 
90 the system has 'forgotten' because the pre-set finite 
presence time of that stationary vehicle, or each 
such vehicle, has expired. A decision is made, at 14, 
as to whether the result of the subtraction is negative 
indicating that the current sample is greater than the 
95 stored detect reference. Such result is needed be- 
cause the routine is able to increase the detect 
reference number much more quickly than it can 
decrease it. This is because, if a 'forgotten' long- 
standing stationary vehicle leaves the vicinity of the 

100 loop, a large increase in the detect reference is 
needed almost instantaneously to take account of 
the consequential large and abrupt change in the 
environmental conditions. It will be understood that 
the change due to a 'forgotten' vehicle leaving is 

1 05 very much faster than any other kind of environmen- 
tal change and it will be in the 'increase' direction. 

If the answer to the question asked at 14 is 'No', 
the current sample is either equal to or smaller than 
the detect reference. Therefore, any change in 

110 environmental conditions has not been due to a 
stationary vehicle moving out and no large rapid 
change in the detect reference is required. The next 
step, at 1 5, is to ctea r an antidetect flag, the reason 
for which will be explained subsequently. Then the 

115 subtraction previously performed at 13 is repeated, 
at 16, and the result tested, at 17, to see if it is zero. If 
the answer is 'Yes', there has been no change in the 
environmental and the routine branches out, clears 
the time count, at 18, and returns to the main 

120 detection routine 1 1 . If the answer is 'No', then a 
decrease in the detect reference is required. The 
routine then enters a loop 19 in which the loop 
sub-routine is repeated a number of times deter- 
mined by the time that has elapsed since the last 

125 occasion that the system routine entered this part of 
the program. 

In the loop 1 9 the time count is read, at 20, and the 
result is tested, at 21, to see if the count is zero - if the 
answer is 'No' the time count is decremented, at 22, 

130 and the detect reference has subtracted from it, at 
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23, a fractional amount 2~ m , m being an integer 
chosen appropriately for the system. The time count 
is then re-read and the loop sub-routine is repeated 
until the test of the time count, at 21 , shows that the 

5 count has been decremented to zero. The sub- 
routine then branches out clears the time count at 
18 and returns to the main detection routine 11. 

If the answer to the test at 14 shows that the 
subtraction at 13 has given a negative result, the 

10 current sample is larger than the detect reference, 
and the change may be due to departure of a 
forgotten long-standing vehicle, necessitating a 
large very rapid change in the detect reference. 
However, this will not occur unless the antidetect 

1 5 flag is set. The test for this is made at 24. If the result 
. of the test at 14 has only just become negative, the 
previous result will have been positive or zero and 
will therefore have cleared the antidetect flag at 15. 
The test at 24 will, in that case, give a negative result, 

20 following which the antidetect flag will be set at 25 
and the routine will branch out, clear the time count 
at 18 and return to the main detection routine 1 1 . If 
the next update cycle again gives a negative result at 
14, the antidetect flag having already been set the 

25 answer at test 24 will be 'Yes'. Therefore, after 
clearing of both detect and antidetect flags at 26, the 
detect reference is immediately made equal to the 
current sample at 27, which is the quickest way of 
achieving the required environmental update. The 

30 routine then clears the time count at 18and returns 
to the main detection rountine 1 1 . The detect flag is 
in the main routine 11. 

Returning to the initial test at 12, if the answer to 
whether the system is in the detect condition is 'Yes', 

35 the operation branches to the right in the chart and 
the number representing the sample value derived 
from the current scan is subtracted, at 28, from a 
stored number representing the previous sample 
value while the system is in the detect condition {the 

40 tracking reference). The result of this subtraction is 
tested at 29 to see if it is negative; if it is not, it is 
again tested at 31 to see if it is positive or zero. If it is 
zero, indicating that there has been no change in the 
sample value, the routine branches out, clears the 

45 time count at 30 and returns to the main detection 
routine 1 1. If the result of the subtraction at 28 is 
negative, the tracking reference is incremented by a 
threshold amount X and the subtraction performed 
again, at 32. The result of this further subtraction is 

50 tested, at 33, to see if it is negative. If it is, then the 
sample is greater than the tracking reference by 
more than the amount X by which the tracking 
reference was incremented at 32, which would 
indicate a vehicle movement. If, however, the result 

55 of the subtraction at 33 is not negative, then the 
sample is greater than the tracking reference by an 
amount not exceeding X, in which event the tracking 
reference needs to be increased by a small amount- 
in this case, a positive fractional quantity +2" n is 

60 stored in a temporary register, as at 34. As in the 
case of the power m, n is an integer having a value 
chosen appropriately for the system. 

If the test at31 shows that the result of the 
subtraction at 28 is not zero, the sample is in- 

65 cremented by a threshold amount Y and the tracking 




reference is subtracted from it at 35. The result of 
this subtraction is tested, at 36, to see if it is negative. 
It it is, then the sample is less than the tracking 
reference by more than the amount Y by which the 

70 sample was incremented at 35, which would indicate 
a vehicle movement. If, however, the result of the 
subtraction at 35 is not negative, then the sample is 
less than the tracking reference by an amount not 
exceeding Y, in which event the tracking reference 

75 needs to be decreased by a small amount; in this 
case, a negative fractional quantity -2~ p is stored in 
the temporary register, as at 37. The amounts X and 
Y by which the operations at 32 and 35 increment the 
tracking reference or the current sample, as the case 

80 may be, can be the same or different; that is, the 
thresholds chosen to discriminate between large 
changes, indicating vehicle movement, and small 
changes can be the same or different for the two 
directions of change. 

85 Once a quantity, either +2" n or -2~ p has been 
stored in the temporary register, the routine enters a 
loop 38 in which the loop sub-routine is repeated a 
number of times determined by the time that has 
elapsed since the last occasion that the system 

90 routine entered this part of the program. In the loop 
38 the time count is read, at 39, and the result is 
tested, at 40, to see if the count is zero - if the answer 
is 'No' the time count is decremented, at 41, and the 
fractional quantity in the temporary register, +2~ n or 

95 -2" p as the case may be, is added to both the 
tracking reference and the detect reference, at 42. 
The time count is then re-read and the loop sub- 
routine is repeated until the test of the time count, at 
40, shows that the count has been decremented to 

100 zero. The sub-routine then branches out, clears the 
time count at 30 and returns to the main detection 
routine 11. By choosing n and p, in the tracking rates 
of +2~ n and -2~ p , to be the same or different, it is 
possible to provide for the same or different rates of 

105 tracking for the two directions of change. 

If either the test at 33 or the test at 36 gives the 
result negative, it is concluded that there has been a 
large change since the tracking reference was last 
stored, indicating the arrival or departure of a 

110 vehicle, and the tracking reference is immediately 
made equal, at 43, to the value of the current sample 
+Vfe, after which the time count is cleared at 30 and 
the process returns to the main detection routine 11. 
The reason for the added % is to put the updated 

115 value of the tracking reference at the middle of an 
integer change so as to give equal chances for 
environmental change to increase or decrease the 
reference level. In the same operation at 43 the 
detect reference fractional byte is set to !£, thus 

120 keeping it in step with the tracking reference. 
Turning now to Figure 2, in which equivalent 
operations are given the same reference numerals 
as in Figure 1, this is a flowchart illustrating 
environmental updating based on 'permanent pre- 

125 sence' detection. It will be seen that the right hand 
side of the chart, for updating the tracking reference 
is exactly the same as in Figure 1 . However, the left 
hand side, for updating the detect reference, is not 
the same as in Figure 1 but is now substantially 

130 symmetrical with the right hand side. 
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Thus, after the current sample has been subtracted 
from the detect reference at 13, if a test at 44 shows 
the result is not negative, a further test is performed 
at 45 to see if the result is zero; if it is, the routine 

5 branches out, clears the time count at 18 and returns 
to the main detection routine 1 1 . If the result of the 
subtraction at 13 is negative, a second subtraction 
with the detect reference incremented by a threshold 
amount T and a second negative result test are 

1 0 performed at 46 and 47. If the result of the subtrac- 
tion at 1 3 as tested at 44 and 45 is neither negative 
nor zero, the detect reference is subtracted from the 
sample incremented by a threshold amount R at 48 
and the result tested at 49 to see if it is negative. By 

1 5 this means a decision is made whether to put +2" k 
or -2~ m into a temporary register at 50 or 51. The 
routine then enters a loop 52, in which the elapsed 
time count is read at 53, a zero test made at 54, the 
count decremented at 55, and the contents of the 

20 temporary register added to the detect reference at 
56, the loop sub-routine repeating until the time 
count has been decremented to zero. 

As on the right hand side of the chart, selection of 
the thresholds T and R to be the same or different 

25 provides for symmetrical or asymmetrical discrimi- 
nation between large and small changes in the two 
directions of change; and selection of k and m in the 
tracking rates +2" k and -2~ m to be the same or 
different provides for symmetrical of asymmtrical 

30 tracking in the two directions of change. However, it 
will be observed that no facility for immediately 
making the detect reference equal to the current 
sample is provided. That is to say, if the result of the 
test at 47 or at 49 is negative, the routine immediate- 

35 ly branches out to clear the time count and return to 
the main detection routine 11. This is because in the 
'permanent presence' mode, the necessary environ- 
mental updating changes will individualy be small 
and no provision has to be made for sudden large 

40 adjustments due to a 'forgotten' long-standing sta- 
tionary vehicle leaving. The system 'remembers' a 
vehicle static in the vicinity of the loop and goes on 
detecting its presence for as long as it remains; i.e. if 
it stands there for a month it is detected as a vehicle 

45 presence for a month, instead of the system regard- 
ing it, after a predetermined time, as part of the 
environment as in 'finite presence' detection. 

This ability of the system to 'remember 1 vehicles 
indefinitely is rarely required, but one problem it will 

50 deal with is that of trucks with many large steel ply 
radial tyres. The steel plies in such tyres tend to 
increase inductance; the opposite effect to that of a 
normal vehicle presence which reduces inductance. 
If the inductive loop is large, this effect of the tyres is 

55 likely to be more than counterbalanced by the 
opposite effect on inductance of the vehicle chassis, 
but if the loop is a small one a situation can arise in 
which a stationary truck with steel ply radial tyres 
produces an inductance change opposite to that 

60 expected from a vehicle. Then in the 'finite presence' 
mode, if the truck stands long enough to be 'forgot- 
ten' by the system, when it eventually leaves the 
resulting decrease in inductance will seem to the 
system like a vehicle arriving and a spurious vehicle 

65 detection results. By providing 'permanent pre- 



sence' detection as in Figure 2, the difficulty is 
avoided. 

In both the modes of Figures 1 and 2, the detect 
and tracking references are updated fractionally and, 

70 while the current sample itself is a two-byte sample 
and decisions are made on that, the detect and 
tracking references are each three-byte because they 
include a fractional byte. The system expects the 
arrival of a vehicle to reduce the value of the current 

75 sample, and the detect condition decision, at 1 2, is 
made on the basis that it is 'No' if the current sample 
plus a detection threshold is greater than the detect 
reference. 

As wili be understood, it is possible to measure 
80 rate of change of the tracking reference while the 
system is in the detect condition. The powers m, k, n 
and p, are chosen in conjunction with the value of 
time increments to give environmental tracking rates 
that are suitable for distinguishing the movements 
85 of vehicles over the inductive loops from environ- 
mental effects on the loops, in the particular situa- 
tion of the installation. The ability to provide asym- 
metrical tracking in the two directions of change has 
been found to be advantageous, even to the extent 
90 in the finite presence time system of Figure 1 of not 
tracking at all in the antidetect direction by making 
the value of n infinity. This same possiblity also 
exists in the permanent presence system of Figure 2 
but the need for it is not envisaged. 

95 

CLAIMS 

1. In a vehicle presence detection system in which 
an inductive sensor loop is a frequency-determining 

100 element of a tuned circuit in a loop oscillator, a 
method of discriminating against variations in in- 
ductance due to environmental changes, comprising 
the steps of repeatedly comparing a variable sample 
number that is a function of the oscillator frequency 

105 with a reference number, and repeatedly updating 
the reference number in accordance with detected 
environmental changes at predetermined real time 
intervals independent of loop oscillator frequency. 
2. A method according to claim 1, wherein at 

110 each updating of the reference number in accord- 
ance with detected environmental change a cyclical- 
ly repeating operation is performed in which the 
reference number is incremented or decremented 
repeatedly by a predetermined amount for a number 

1 1 5 of times determined by the real time that has 

elapsed since the previous occasion that the refer- 
ence number was compared with the sample num- 
ber and as a consequence updated or found not to 
require updating. 

120 3. A method according to claim 2, wherein the 
reference number is only subjected to said cyclical 
updating operation for changes in the value of the 
number in one direction. 
4. A method according to claim 2, wherein the 

125 predetermined amount by which the reference num- 
ber is incremented or decremented at each cycle of 
the cyclically repeating updating operation is diffe- 
rent according to whether the reference number is 
being incremented or decremented. 

130 5. A method according to claim 2 or claim 4, 



4 GB2131 994 A 



wherein the cyclically repeating updating operation 
is performed on the reference number only provid- 
ing the difference between the reference number 
and the sample number does not exceed a predeter- 
5 mined threshold value. 

6. A method according to claim 5, wherein said 
predetermined threshold value is different according 
to whether the sample number is larger or smaller 
than the reference number. 

10 7. A method according to claim 1 or claim 2, 
wherein before comparison of the sample and 
reference numbers a decision is made as to whether 
the system is or is not indicating the presence of a 
vehicle, and if no vehicle is being indicated a detect 

1 5 reference number is compared with the sample and 
updated if necessary, whereas if a vehicle is being 
indicated a tracking reference number is compared 
with the sample and both reference numbers up- 
dated if necessary. 

20 8. A method according to claims 3 and 7, where- 
in when the detect reference number is compared 
with the sample number and found to be different, 
the cyclical updating operation is performed on the 
reference number for changes in value in one 

25 direction while for changes in the opposite direction 
the detect reference number is made equal to the 
sample number in one step. 

9. A method according to claim 8, wherein the 
detect reference number is made equal to the 

30 sample number in one step only after two successive 
comparisons have indicated a requirement for a 
change of the detect reference number in that 
direction. 

10. A method according to any one of claims 7 to 
35 9 taken with claim 5 or claim 6, wherein if a 

comparison of the sample number and the tracking 
reference number shows the difference to be in 
excess of the threshold value, the tracking reference 
number is made substantially equal in one step to 
40 the sample number. 

11. A method according to claim 10, wherein the 
tracking reference number and the detect reference 
number both include fractional bytes, and when the 
difference between the sample number and the 

45 tracking reference number exceeds the threshold 
value, the tracking reference number is made equal 
to the sample value plus Vfe and the fractional byte of 
the detect reference is set to Y2. 

12. In a vehicle presence detection system in 
50 which an inductive sensor loop is a frequency- 
determining element of a tuned circuit in a loop 
oscillator, a method of discriminating against varia- 
tions in inductance due to environmental changes 
substantially as described with reference to Figure 1 

55 or Figure 2 of the accompanying drawings. 
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